The simultaneous addition of phosphate with 2,4-D enhances the toxicity of the latter to A. vinelandii. This enhanced toxicity is related to the magnesium concentration of the environment.
The microbiology of coal has received little attention by comparison with the large amount of research on petroleum. Coal is a much more complex organic material than petroleum and probably consists of condensed rings of an aromatic and hydroaromatic nature. The ring systems in coal resist microbial oxidation; only the highly oxidized coals give any indication of supporting an indigenous microflora (Lieske and Hofmann 1928) . For this reason a study of the microbial attack on polynuclear hydrocarbons was initiated as a means of investigating the constitution of coal.
The higher polynuclear hydrocarbons serve as model compounds in determining the products of microbial oxidation of highly condensed ring systems. Coal contains phenolic-hydroxyl and is thought to contain quinone and carboxyl groups. The demonstration that these substituent groupings appear in the intermediate products of polynuclear hydrocarbon oxidation may help to explain their presence in coal. Study of these compounds should also aid in determining the effects of steric configuration, substitution, size of the molecule and other physical and chemical factors on the resistance of the compounds to microbial attack. It may be possible to draw analogies from such studies to explain the relative resistance of a material like coal to microbial attack.
We have chosen phenanthrene as one such model compound. The attack of phenanthrene by soil bacteria has been reported by Tausson (1928b Tausson ( , 1929 , who also described its utilization by certain anaerobic sulfate-reducing bacteria (Tausson and Vesselov, 1934) . In an earlier study Tausson (1928a) described two new species, Bacillus phenanthrenicus bakiensis and B. phenanthrenicus guricus, which in pure culture could assimilate phenanthrene. Sisler and ZoBell (1947) noted that marine bacteria assimilated phenanthrene and anthracene more rapidly than naphthalene, or the higher homologues 1,2-benzanthracene and 1,2,5, 6-dibenzanthracene. No intermediates in the oxidations were isolated in these studies; naphthalene is the largest polynuclear hydrocarbon whose oxidation has been studied in detail. The Manometric studies with resting cell supension. Phenanthrene oxidation was studied in the Warburg apparatus using 5, 10 and 20 ,umoles of phenanthrene as the substrate. Phenanthrene was oxidized at all levels of concentration used (figure 1). Similar experiments using phenanthrene-grown cells were made using salicylic acid, catechol, and protocatechuic acid as substrates. The results shown in figure 2 show that the phenanthrene-grown cells possess the enzymes necessary to oxidize all three substrates. Experiments in which 1-hydroxy-2-naphthoic acid was used as substrate indicated that the rate of oxygen uptake in the presence of this compound was considerably less than that of the other compounds. Carbon dioxide evolution, as well as oxygen uptake, was measured with 1-hydroxy-2-naphthoic acid as substrate; the amount of carbon dioxide evolved after 120 min was consistently within the range of from 3.5 to 5.5 ,umoles. Ferric chloride tests on the flask contents after the allotted reaction period were positive for flasks in which 10 ,moles of the acid had been used, but negative for flasks in which 5 umoles had been used.
Decarboxylation of 1-hydroxy-2-naphthoic acid by the organism might produce 1,2-dihydroxynaphthalene. Murphy and Stone (1955) werie run using various concentrations of 1,2-naphthoquinone, alone or in combination with other substrates. The (lata presented in figure 3 show that at a concentration of 4 Amoles, 1,2-naphthoquinone inhibited endogenous respiration and interfered with the oxidation of salicyclic acid. This amount is comparable to the theoretical amount which could be produced from the decarboxylation of the 3.5 to 5.5 ,umoles of hydroxynaphthoate observed. Other experiments in which smalleir concentrations of the quinone were used as substrate, or were tipped into the flask during oxidation of salicylic acid, showed no inhibitory effects due to the quinone.
DISCUSSION
The organism used in these studies is a member of the genus Pseudomonas; it resembles Pseudornonas aeruginosa and a poorly defined naphthaline-attacking species Pseudomonas boreopolis. It differs from the other hydrocarbon attacking pseudomonads in its proteolytic activities. It is doubtful whether assignment to a new species is necessary on the basis of present data.
The isolate is able to decompose fairly large amounts of phenanthrene in a relatively short time. Tausson (1928a) studying phenanthrene oxidation by bacteria isolated from soil ran growth experiments with o-hydroxybenzyl alcohol, o-hydroxybenzaldehyde, salicylic acid and catechol as substrates. On the basis of the rapidity with which the compounds were assimilated, he postulated primary attack on the phenanthrene molecule at the 9,10-position, with the formation of the above compounds as intermediates (Pathway I, figure 4). It is interesting to note that phenanthrene is not oxidized by our culture at the 9,10-bond, the most chemically reactive position in the molecule. This is in accordance with the postulate, based on studies of the oxidation of polycyclic compounds in animals (Pullman and Baudet, 1954) , that the polycyclics are bound to enzymes at the region of highest electron density by an additional reaction. Oxi(dation occuIrs at a nearby bond normally of secondary chemical activity. Attachment of phenanthiene by the 9, 10-bon(d oul(d therefore give primary oxidation at the end iing. However it must be noted that although 1, 2-dihydroxy-1, 2-dihydrophenanthlien(e has been isolated from the urine of rabbits injected with phenanthiene, it occurs in a mixture with the 9,10-isomeric diol; when injected into rats only the 9,1 0-isomeric diol is excrete(d (Boyland and Wolf, 1950) . Phenanthiene oxidation in the animal is somewhat anomalous, since in every other case of polycyclic oxidation in animals that has been studied, attack does not occur at the most chemically reactive position. 
